We compare red clump stars with parallaxes known to better than 10% in the Hipparcos catalog with the OGLE red clump stars in Baade's Window, corrected for interstellar reddening. There are ∼ 600 and ∼ 10, 000 such stars in the two data sets, respectively. We find empirically that the average I-band magnitude of red clump stars does not depend on their intrinsic color in the range 0.8 < (V − I) 0 < 1.4. The red clump luminosity function is well represented by a gaussian with the peak at M I,m = −0.18, and the dispersion σ RC = 0.24. This allows a single step determination of the distance to the galactic center and gives R 0 = 7.97 ± 0.08 kpc (formal statistical error). We discuss a variety of systematic effects which make the true error significantly larger.
Introduction
The center of our Galaxy is at R 0 ≈ 8.0 ± 0.5 kpc (Reid 1993) . The Hipparcos catalogue of parallaxes (Perryman et al. 1997 ) will revolutionize also this distance measurement.
The purpose of this paper is to present an estimate based on the comparison between the red clump stars measured by Hipparcos and by OGLE (Optical Gravitational Lensing Experiment, cf. Udalski et al. 1992) . These stars are the metal rich equivalent of the better known horizontal branch stars, and theoretical models predict that their absolute luminosity only weakly depends on their age and chemical composition (Seidel, Demarque, & Weinberg 1989; Castellani, Chieffi, & Straniero 1992) . Indeed the OGLE color -magnitude diagram of stars in Baade's Window (Udalski et al. 1993; Paczyński et al. 1994, their Fig.1 ; Kiraga, Paczyński & Stanek 1997, their Fig.6) , and the Hipparcos' absolute magnitude-color diagram (Perryman et al. 1997, their Fig.3 ) clearly show how compact the red clump is. In this paper we determine the variance in the absolute I band magnitude to be only 0.24 mag.
In spite of their large number and sound theoretical understanding the red clump stars have seldom been used for galactic structure studies. However, recently Stanek (1995) and Stanek et al. (1994 Stanek et al. ( , 1997 used these stars to map the galactic bar, and also to map the interstellar extinction in Baade's Window (Woźniak & Stanek 1996; Stanek 1996) . In this paper we compare the absolute magnitudes of ∼ 600 nearby red clump stars with accurate (better than 10%) trigonometric parallaxes measured by Hipparcos with the apparent magnitudes of the red clump stars measured by the OGLE in Baade's Window. This comparison gives the galactocentric distance in a single step. In the last section we discuss various systematic effects which have to be evaluated in order to make a realistic estimate of the error.
The method and the result
Inspection of the color-magnitude diagrams based on Hipparcos and OGLE data reveal a strong dependence of the visual magnitude of red clump giants on their color, while their I-band magnitudes reveal no color dependence. Thus, on purely observational grounds, the I-band turns out to be the best in the applications in which the red clump stars are used as standard candles. It is possible that bolometric corrections to the I-band are very small for these moderately cool stars, and theoretical models show only weak dependence of M bol on either age or chemical composition (Seidel, Demarque, & Weinberg 1989; Castellani, Chieffi, & Straniero 1992) Using the extinction map of Stanek (1996) we selected the region of Baade's Window with A V < 1.5, to minimize the effects of a possible error in the ratio A V /E V −I . The I 0 − (V − I) 0 color-magnitude diagram for this part of Baade's Window is shown in Fig.1 . We divided the red clump region into five color bins and we fitted the observed distribution 
where the first two terms describe a fit to the "background" distribution of the red giant stars, and the gaussian term represents a fit to the red clump itself. The locations of five points with the vertical error bars in Fig The Hipparcos based absolute magnitude-color diagram is shown in Fig.2 for all stars with parallaxes measured to better than 10%. The Cousins' (V − I) colors in the catalog come from various sources. For this study we used only those stars for which the source of (V − I) was labeled A, C, E, F, or G. There are 664 such stars within the dashed rectangle in Fig.2 . We divided them into two color bins and fitted their distribution with the formula analogous to that given in Eq.1, with the I 0 replaced with the M I . There is no significant color trend in M I . Given the fact that the average luminosity of the red clump stars appears to be independent of their color in Baade's Window (Fig.1 ) and in the solar neighborhood (Fig.2) , it seems safe to determine the distance to the galactic center by comparing these two populations. It is also very fortunate that even though the bulk of the bulge population is redder and hence more metal rich than the solar neighborhood, there is full overlap in the colors. The average distance to the Hipparcos red clump stars is 105 pc, and the geometrical mean distance is 98 pc, therefore it is safe to assume that the reddening to these stars is negligible. Therefore, we selected the red clump stars in the color range 0.8 < (V − I) 0 < 1.25 in Baade's Window and 0.8 < (V − I) < 1.25 in Hipparcos catalog and fitted both distributions with Eq.1. We obtained I 0,m = 14.323 ± 0.009 and M I,m = −0.185 ± 0.016. Therefore the distance modulus The distribution of the two groups of the red clump stars as a function of their absolute I-band magnitude is shown in Fig.3 with two histograms as well as with two analytical fits of the type described by the Eq.1. All these distributions are normalized. The gaussian fitted to the OGLE red clump distribution has σ RC = 0.28 mag and the gaussian fitted to the Hipparcos distribution has σ RC = 0.24 mag. It is somewhat surprising that these two numbers are almost identical, as there is some range of distances to the bulge stars due to the depth of the bulge. It seems that it has almost the same effect as the artificial "depth" due to ∼ 10% errors in the Hipparcos' parallaxes.
The distribution of the red clump stars as a function of their (V − I) color is shown in Fig.4 . It is clear that the bulge population is redder, and presumably more metal rich than the nearby disk population. 
Discussion
The very small formal statistical error for our galactocentric distance follows from the very large number of red clump stars measured by Hipparcos and OGLE. The number of these stars is several orders of magnitude larger than the number of either RR Lyrae or Mira variables, and the observed dispersion in their magnitudes is only σ RC ≈ 0.24 mag. However, in addition to small statistical errors there may be much larger systematic errors.
We checked if the 10% error limit adopted by us was not too generous, and we repeated the analysis with a more stringent 5% upper limit to the parallax errors. This reduced the number of star within the rectangle shown in Fig.2 from 664 to 240, and gave M I,m = −0.173 ± 0.027, well within small statistical errors of M 0,m = −0.185 ± 0.016 obtained for the 10% sample.
The Hipparcos sample used for our study can be tripled when the I-band photometry is done for all stars in the catalog. It would be even better if the BV I-band photometry was available for all ∼ 10 6 stars in the Tycho catalogue (Høg et al. 1997 ).
The following is the list of effects which have to be allowed for in the future to reduce various systematic errors.
1. The reddening correction for Baade's Window stars is based on the map published by Stanek (1996) and the zero point correction determined by Gould, Popowski & Terndrup (1997) and by Alcock et al. (1997) . The photometry of galactic bulge region will considerably improve with the forthcoming OGLE-2 data, which will cover a much larger region of the bulge in three standard photometric bands BV I. These results should become available by the end of 1997 (Udalski 1997) . We expect that the reddening map, the zero point correction and the model of the 3-D distribution of the red clump stars in the galactic bulge region will improve with the new data.
2. The average distance to the red clump stars in Baade's Window is almost the same as our distance to the galactic center. The main contribution to the distance correction would be due to the final radial depth of the stars distribution, and the increase with the distance of the volume covered by a given solid angle, so there are more red clump stars on the far side of the galactic center. We expect this correction to be small.
3. A more careful selection of Hipparcos red clump stars is in order, as with the 10% parallax accuracy cut-off adopted in this paper stars of different absolute magnitude are sampled over different volumes. This distorts in some degree the distribution fitted with the Eq.1 and shifts somewhat the value of M I,m . The effect should not be large as the gaussian fit to the red clump distribution is so narrow, with σ RC = 0.24 mag.
4. Hipparcos red clump stars may be slightly reddened, and a suitable correction has to be applied.
5. We found empirically that the average absolute magnitude of the red clump stars as measured in the Cousin's I-band is independent on the (V − I) color. It is important to reproduce this property with theoretical models, to have a better assessment of the robustness of our assertion, i.e. to have theoretical values of M I calculated for a broad range of stellar ages and chemical compositions. Note that the stellar populations are different in the galactic bulge and in the solar neighborhood, and a theoretical understanding of the M I,m − (V − I) relation is highly desirable.
In spite of all the possible systematic effects listed above their combined effect is not likely to be large. In any case, the same problems exist for any other types of stars, in particular RR Lyrae and Mira variables. A clear advantage of the red clump stars over the "competition" is in the numbers, which make the statistical error in the determination of the galactocentric distance negligibly small.
